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^ [ ^ The utility of 
predicting cireer inter^ts in six > specialities of ' 
engineering-- aeronautical^ chemical^ -civil^^ electrical # industrial 
,and mechanical engineering-- was stuflieid. Freshman engineers at Purdue 
Onive^rsity, were administered the Pardue Interest Questicrrair e (PIQ) • 
Multiple discriminant. analysis was peifcrted on the six Engineering 
Specialty Scales of th^^IQ. ^vising the obtained ^scores of 292 ^ 
students. These studehts^iSte then classified by means of ^ 
discriminant functions into six eivgi*n^ring fields of ^tudy. Each 
predicted clas^sific a tion was then compared to the actual^ fcurth 
semester classif ication* ^nd accuracy pferce rtag^s f or "each field were 
computed. As a cross- ^alid^tion of the discriminant analysis^ these 
sa1ne- discriminant functions were used tc classify in the same manner 
a second sample of -301 students* Then the 'twc^ student samples we£e 
poolefl 'together^ a new discriminant analysis was performed^' and by 
means of the new functions the group cf peeled .students isas again 
classified as before; In general, ^orrect classification percentages' 
significantly exceeded the percentages predl'cted by chance. Finally, 
it w3l5 observed in the cross-validaticr procedure that consider Sit ion 
by the counselor and- ^ ^student of the f irs't-or-second classification 
choice as optimal for success greatly increased the -^likelihcod cf 
making the best decision. (Author/CTB) 
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THE UTILITY OF MULTIPLE DISCRIMINANT ANALYSIS IN CLASSIFYING STUDENTS 

. Kevin D. Shell and Wi 11 iam K. LeBold ■ ' . 
' Purdue University ' . ' 

; . ' Abstragt > , 

This study examines the utili,ty of multiple' discriminant analysis in 
predicting engineering field of study. Representing ' six fields of 
study, 292 1970 and 301 1972 freshman engineers at Purdue University 
were administered the Purdue Ipterest Questionn^tire (PIQ) . Multip^le 
discriminant arfalysis was performed on the six Engineertng Specialty 
Scales of the PIQ using the obtained scores of the'l970 students. 
Tjiese students were then claslsified by means of discriminant func- / 
-tions into six engineering f^^elds of study. Each predicted classifi- 
cation was then compared 1;o ihe actual / fourth semester classifica- 
tion, and accuracy f}ercentages for each, field were computed. As a 
cross-validation of the discr^iminant analysis, these same discri.mi- - 
nant functions were used to cilassify in the same manner the. sample of 
1972 students. Then the two 'student samples were pooled togedier, a , 
new di'scriminant analysis was performed, and by means. of the new func- 
tions the group of pooled stucjents ^was again classified as before. In 
general , correct cl assif icatidin percentages .significantly.exceeded (p 
< .001) percentages pred^icted 'by chance. Finally, it was observed in 
the cross-validatioq procedure! that consideration by the counselor 
and a. student of the first-or-second classification chpic^ >as optimal 
for success greatly increases the 1 i kel ihood of making the'best deci- 
sion. ' ' 
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''/The Department- of Freshman^ Engineering at Purdue -University ' /T^^ 
^v. \ ' endeavors to ^ssist beginni.ng student^^ deciide whether to pursue s-t^dy 
■ ' a .Special area of engineering or whether to consider a fiel/diof 

■V,".. /"-'^ study outside engineering.^ For the'mojst part , >th.evstudents havPleen . 

■ * fairly certain in their desires Jto pursue a istudy of engineering, 

. ' ^ ' Therefore, the question of primary' imporftanc'e has been one .of which 

specialty ar^a of en^gineering would belmo^t desi-rabl^^ to ^pursue'. . , 
■->"'•• / Measures of ability and achievemeiiit , both during^igh school and 



during the first semester of college siudy,'have found widespread usk- 
counselors in assi sting students through their academic endeavH 



y aprang 



prs. However, it also has been sh(pwn that a student*^ inventoried .1 
^^^Htteres are a worthwhile source offrS^i tional information when 
/considering appropriate^ areas Of academic conc^tration within col- 
lege. By far, the most widely' uti-lfzed invent'tpry measuring^ interests^ 
has/^n tt\e past. been the Strongfvocatioiial Interest Blank (SVIB)^ 
now the Strong-Campbell Interest, Inventory (SCkl). All^scales in 
the "SVIB .have been consi de'red 'in examining. t)ie! inventory ' s utility 
in differentiating special groups (Apostal , 19,58; Ghappel , 1967; ^ 
Clemens Linden, 1970). In particular^ the ^ngineei^ing scale has 
been examined concerning itsittility in ipredicting plaq^ement in engi- 
neering as a whale and in a specialty arj^ea within engineering (Curt'fs, 

J- 



1970; Haddock, 1968; Mayfie?)d, 1960; Mcfiampbeill, 1966). Of,gr,eater 
injportance, however, has been the examiriatiori- of the predictive ^ - 
utility of special scales, developed from the SVIB, in differanti- / 



at'lng "Engineering specialty area (Haddodk, 1968; Mayfield, 1960; , .7 
McCampbe-Tl , 1966) and in predicting engi,neering. achievement (Campbell, 
1940; Curtis, 1970) and engineering persistence (Benjamin* 1967; / " 
Curtis, J 970; .England, 1956; Haddock, 1.^68.). A review of research' 
concerning the uti li ty "of measured interests may be found in Berija- 
4nin (1-967), Curtis (1970), DeLauretfrTr975) , and McCarapbel 1 /(}^6) . 



* Efforts were^begun in^ the mid1960's to develop scales-that 
would differentiate the ^ajof- engineering j^pecialty areas at Purdue 
University fn, order to assist the cquns^lors within ther'Department 
■pf Freshman Engineering i their efforts , to assis.t students. The 

•fruit of these efforts was the Purdue Interest Questionnaire (PIQ) 

■ ■ ■'. . ■ . • - » ' ■ , 

(LeBold and-Gorman, 1966). T^e , PIQ .seal es were analyzed and re- 
vised tWough the efforts of DeLaureiis (1-975):, who examined the- 
pTedictive i^tility of the revised seal es ' i.rt' cl assi fy ing. both - 

.engineerfng students and transfer students from engineering, The 
current version of the PIQ is described a^d- illustrated by LeBold, 
Shell ,■ an'dDeLauretiS . (.1977) ' ' , ^ ■ ' I 
Although .cross-validation studies of- specialty scales, , ' • 
develojjed. from .the SVIB, have had encouraging results (Chappcll, :' 

'l967; Curtis,. 1970; McCampbeTV, 1966) , no disCrimiiiant function 
cross-validation studies have been attempted with "the PIQ. 
DeLauretis*^ (1975) found that di scriminant' a.naly|sis using the PIQ 
scales produced di^crirniinant. functions that" couldi accurately 
classify engineering students- in thei r 'subsequent'^^ fourth semes- 
ter,, specialty areas,''(but because of therunavailabi-lfty of necessary, 
clata at thS^ time .he was not. able to cross-vaTidate the derived- 
discrtminant ifdnctions afi an independent' samplfei^of -iengingering : 
students;. Itiwds th^reforfe one purpose of this i.study to perform 
a cross-val.id'ation of derived discriminant' functions , using PIQ ; 
scales, in predicting the' fourth semester classification of • 
engi^neering-students into their specialty- areas. 

Multi-pie discriminant analysis, in short, generates a set > 
of weights which,- when- combined with the variable under investiga- 
tion, maximize the individual differences' among the classification 
^groups and,' at. the same time, minimize the individual differences 
within each group. The rationale of multiple discriminant analysis 
is similar to that of multiple' regression. However, in .the case of 
classification group membe4rship characterizes a nominal scale rathe^ 
than an interval scale, which is necessary in justifying multiple - 
regression procedures.. 



The proceyures 6°f "hiul tiple discriminant atnalysis may be examined 

^ in works by Cooley and Lohne's (1971), RulQn,^ Tiedetiia'n^ tatsuoka, and 

Langmuir (1.967) , or Tatsuoka (1971) . A summa^rized description can 

be found in DeLauretis Cl975)V ; . . 

The purposes of this study Were 

. 1. to examine discriminant analysis results, using the 

six PIQ Engineering Specialty Scales, in predicting the fourth sem- , 

ester classif^ication of engirleering students into their specialty 

areas, including a cross-validation of derived discriminant functions;, 

■f 

1 , 2. to compare results of two classification procedures: 

minimum chi-square rule and maximum probability rule; and 
' . 3. to examine the firAdictive util ity. of considering first- 

or-secqnd choices instead of only \he first choice. 

Methods 

Subjects were sampj Ted from freshman engineers enrolled in 
Purdue University's' Department of Freshman Engineering in the fall 
semesters of 1970 (FE70) and 1972 (FE72). The FE70 sample consisted 
of 292 students, and the FE72 s'ample, of 301 students, consisting 
^ almost entirely of males! The FE70 sample represented six fields 
with samples from each field ranging from 29 to 85 students. The 
FE72 sample, representing the seime six fields, contained between 
21 and 85 students for each field. Each student was administered 
the Purdue Interest Questionnaire (PIQ), which contained thir-teen • 
scales, six^af which -concern specialty areas df study within 
engineering at Purdue,:- Aeronautical (AE), Chemical (CHE) , Civil ^ 
^. (CE),- Electrical (EE\, Industrial (IE), and Mechanical (ME). The 
raw score for each student on each scale was determined from 
response weights developed by^ DeLauretis (1975) in constructing the 
Purdue Engineering Interest Blacik (PEIB). Standard scores were ^ 
then computed based upon distributional statistics of a- 1966 norm 
reference group, which consisted of 987 beginning freshman engineers. 
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The student scale scores are identical to those used by DeLauretis^ 
in constructing and examining the PEIB. These procedures were 
used in the present study -because either they are still in current 
use with the PIQ or they afford the best means at present of 
utilizing the PIQ. ^ 

A major task for counselors within Freshman Engineering is the 
guidance of each beginning engineering student toward that area of 
engineering which best meets that student 's abil ities , interests, 
attitudes, etc. With this in mind' one might tend to ask a question 
such as, "Which area of engineering should this particular student 
pursue?" ' * 

This'typeof question calls for-the use of multiple discrimi- 
nant',analxsis. A statistical routine (MDACAL, 1970), available at-^ 
Purdue University's CDC 6500 computing facility^, was used in per- 
forming the rleeded discriminant analyses and classifications. Two 
discriminant analyses were carried out .with the six Engineering 
Specialty Scales, and discriminant functions were calculated for 
each analysis. First, the FE70 group was *used in calculating 
discriminant functions, by means of which this FE70 group was re- - 
classified (just as DeLauretis (1975) had.-previously done) and by 
means of which the FE72 group was independently classified, thus 
serving as a measure of the predictive power of the discriminant 
functions derived from the six scales. Second, the FE70 group - 
and FE72 group were combined to form a single (hopefully more 
representative) group, new discriminant functions were calculated, 
and this combined group was then reclassified. ^ ^ 

Each classification took place within the (reduced) discrimi- 
nant space rather than in the original predictor space. Also, 
classification was performed according to each of two rules: the 



1 Adapted from Cooley, W.W. & Lohnes, P.R. Mul u.ple Procedures 
' for the Behavioral Sciences. 1962, 116-134. - ^ 
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minimum chi-square rule 'and the maximum (Bayesianl'^probability rule. " 
According to the ^'minimum chi-square rule, a "student" is classified into 
the' category for. which the distfeince l^etween his discriminant score for" 

.that category and its corresponding centro-id is the sma-llest. These 
distances f^oll.ow a chi-square diStributi^on . On the other hand., the 

, maximum (BayesianO probability rule classified the student accordling 
to the discrijninant score ha.ving the ^gre'atest a priori probajjility of 
Tit, I.e., following the proportional distribution of membership within 
each area of engineering studj^. ^ ' - ' 

A /'hit-miss" table was constructed for eagh classijfication , com- 
paring the predictive utility of the minjmum ch1-squafe ryle with tLt 
of the maximum probability rule. A- "hit" occurs whenever predicted 

V 

classification' n!atches^ actual\ fourth-semester classification.- The / , 
overall percentage^, of hits, as well as ^the^p^centage of ^ts for. eac\i 
, group were repqnted and served' as the predictive power indices. In 
addition, .during the independent ,classifica;tiori (cross-validation of. 
the discriminant functions) the, overall percen'^age of first-or-second^ 
choice hits, as well as the percentage of such^Hits fo]r each engineer- 
ing gl^bup, were calculated .and compared with first^ijhoic'e-on-ly hits. 

E^ch -ctassif ication proportion wab compared agaiinst the 'one-tailed 
ci^itical value corresponding tc the chance probability of class^fica-. 
i^on, which w^s based upon the proportional '^up^ size with respect to 
the relevant-year gmiip^ The critical ^values were calculated ^y an 
estimation formula adapted from Hays (1973, p. -379): 



^critical '^0 ^ ^1 -ct 



where p^ is the chpnce probaLi 1 i ty , is the N(0,1) deviation score, a 
u ^ , ^ 

is the 9 priori statistical significance level, and n is the sample 
size. In addition, "pragmatically significant" differences those, 
found to be consistent over classification attempts but^ not found to- 
be statisficaMy/significant were examinee;!. ^ 

Dtfferenc^ in hit proportions, as found by the two classification 
rules, were examVq^ed by means of the,, formula , ^ 



/p^d - p^) + p^d - A 



where p-j.is the hit proportion using the minimum chi-square rule, 
the hit proportion iTsing the maximum probability rule^ and -n is the 
sample size (D.ownie Heath; 1974, p. 182). 

/ / . Result* ,^ 



As a guide to interpreting tl:ie' classification results, Table^ 
* was constructed. The prop^o^ti^n of each engineering^group to the ^ 
total group was computed and^T^^tif led as the probabTTity that any 
student woirld be classifiecj^nto, that group by chancy alone. From 
this a- otie- tailed critical value was estimated for each group and 
each classi fication pro.cedu)*e according to. th/ee- levels of signifi- 
'cance ^(a = .0'5; .01 ;\. 001) 'was entered as a pe'rcehtage.tnto Table 1. 
Thus each classification percentage can be compared with its relevant, 
cprresponding (charice) critical value given in Table 1 as a means of 



. statistical ly testing the predictive a^ccuracy of^the discriminant 
functians . | " • ' , - * , / ^ 

Tables' 2, 3, and 4 show the accuracy with whicl] students within ^ 
each of the six engineering specialty groups were cTass,if*iea by the 
six-^oup discriminant analysis design. It. is noted that the first 

^erjtry within each cell of the tables is the pey^centa^e of students i 
classified by the minimum chi-square rule, while the second entry- 
i.s the percentage classified by the maximum (Bayesian). probability 
rule. Als^o note that diagonal cells display! the percentage of each 
actual group beirvg correlctly classified/ ' , ■ / 

. D'l^crim-iTiant analysis was carried. out on. the" six F£70 groups\ 
Using the five discriminant functions caljcuTated, the FE70 groups 
were reclassified (Table 2), and the FE72 groups were then Indepen- 
dently classified (Table 3) as a check of the predictive ^util ity 



• TABLE 1 

' i ' ■ , "' - • 

APPROXIMATE ONE-TAILED CRmCAL VALUES^ FOR CHANCE PROBABILITY 
' OF CLASSIFICATION BASED UPON PROPORTIONAL ^ROUP SIZEv 



FE 
, GROUP 




FOR, PREDICTED ENGINEERING GROUP 


/E CHE CE EE 'IE ME 


1970 
- — ■ — i 


.05 
• .01^. 


' 2K3 21 .7 25.2 37.2 ' 19.1 28.2 
25.1 ■ 25.5 28. 9^", 40.6 22.8 31.7 
- 29.2 29.'6 ' 32.9 44.3 ' 27.0 35.7 


1972 


05^ 
.01 
.001 


24.0 22.1 ■ 31 .0 -C^, 39,. 6 ^20.0 36.8 

28.1 26.3 3^.9 43.3* 24.2 40.6. 


"■ 1970 

& : 

•7972. 


.05 
. .01 
\ .001 , 


,18.2^*17.4 .23.8 34:4 14.9 28.4 
20.8' 20. '0 " 26.4 36.8' 17-. 5 30. 
'23.7 23.0" 29.2 "39.4 '20.5 33..6 


' Note. n(FE70) = 292; n(FE72) = 301 ; n(FE70 ,&^FE72) = 593. 
' 'Pc^itical\Po ^1-ccZ^glil^ ' where n = sample size. 



(or accuracy) of the five di scriminant' functions across samples. 
Subsequently, the FE70 groups and the FE72 groups were po^ed, a 
new discriminant analysis v^ias^arried outj^arvd by means of *the 
five, new discrimioant functions aVecl' as s-1f1 cation was made of 
the^ pooled FE70 andTE72 groups (Table 4). Table 5 presents a 
summary, of each engineering group's correct cl'aTs^ication, percent- 
age as* e'ach of these three classifications was performed. 

^ Tables 2 through show all entries withixi the diagonal 
classification cells are^ignifica^ntly greater than their relevant, 
corresponding (chance) critical value given in Table 1 at the 
p < ^05" level of. significance " (and for most cases beyond the ^ 
p < .001 level) when the minimum chi-square ruTe i/s used. Thi^s 
also is true with but two exceptions (classification results 



7 

10. ' ^ X 



TABLE" 2 ' . 

RECLASSIFICATION MATRIX (SIX-GROUP DISCRUIINAMT DESIGN) 
'Too ENGINEERING SPECIALTY GROUPS 
^ • (IN 'PERCENTAGES) . 



ACTUAL 
GROUP 



PREDICTED GROUP 



AE 



CHE 



CE 



EE 



IE 



ME 



AE ' 
(n = 3^) 



50.0 • 
50.0^ 



8.3' 



2.8 
8.3 



1 1 ,1 
19.4 



^5.0* 
13.9 



CHE 
(n = 37) 



2.7 
2.7 



78.1 
73. o' 



2.7 



8.1 
13.5 



2.7 



8.1 



CE 

(|l = 48)' 



1^ 



75. 0_ 
85.4" 



2.1 



12.5* 
€.2^ 



12.^ 
6.2" 



EE- 

(n = .85)- 



4,7 
3.5 



7.1 
5.9- 




70.6 
80". 0' 



15.3 
7.1 



^lE 



3.4- 6.9 
' 6.2 ^. 6.9 



'3. A 



65^5 
62.1 



^•ME 
(n = 57)- 



T4.0*^ 5.3' 7.0 12.3 "8.8, 

17.5*. ■ , 3.5 14.0 " 15.8 8.8 



6.9 



.52.6 
40.4' 



OVERALL PERCENTAGE ^CORRECTLY CLASSIFIED 
(n.= 292) " 



65.8 
66.8 



Note 1 . The. first entry in each cell follows ^he minimum chi- 
square .rule. .The second entry follows the maximum probability 
rule, n is the number of students within the .actual group. 

Note 2. Percentages'are compared to critical values for 1970 



group in Table 1 for significance. 

Above chance probability but not significant 
Significant at p < .05 

> 

'Significant at p <. .01 ' 
Significant at p < .001"^ 



INDEPENDENT CLASSIFICATION MATRIX (SIX-G^OUP DISCRIM-INANT DESIGN) 
, -FEyZ ENGINEERING SPECIALTY GROUPS CLASSIFIED I^ROM - 
■ FE70 ENGINEERING SPECfALTY GROUP DISCRIMINANT FUNCTIONS 

(IN PERCENTAGES) • >. 



ACTUAL \\ 

bKUtlr 


- ■ - PREDICTED GROUP . 


AE CHE ■ CE . EE. . IE \ ME , 


AE ' 


35.3- 
^;29.4 


5.9 8.8 . • J7.'6 . 2.9 , ^29.4* 
5.9 ' ,11.8' • 26.5 2.9 • 23.5 


' GHE 
(n -^8^ 


„ 3.^6 


1 3 ■ 

75.0 

3 

^ 64.3 


' • 14.3 .. 3,6 '.3.6 ' 

^ 3.*6 21.4- — ' ~ 3.6 


• • CE 
(if = 57) 


8.8 10^5*' 
•■^8.8 ", 7.0~ 


' - ^. 3^ 

38.6, 
■ ■47.4^^ 


1,0:5 ' ■•29/^ 
13.3 ~ ' 22.8 


EE. 
(h = 85) 


3.5 11 .8* J 2.4 
2-4- - - 7.r 2^4 


3^ 

) 67.1 : 
^•76.5' 


'^V2 ' 14.1-^ 
1.2 ^ ' " 10. 6- 


^ IE ' 
(n = 2\) 


-r — ' '^V.S 9,5' 

— 2?..8 


'1-4,. 3 . 


• ■ 3^ 

^. 33.3 
\ 19.0 


, - 3 
42.9 


' 'me 

(n.= 76) 


19.7* 14'.5* 17.'l ^10.5^ 2.6 . 
19.7*' - 11.8* '^8.4 ^ . XI A^. 1.3 


y— 

"3575^ 
X -3V. 6* 



OVERALL PERCEflTASE CORREpiLY -CLASSltlED 
Mn - 301) 



48.5 



,Nbte K The first entry in each cell follows the minimum chi- 



square rule. Thre second* entry follows the maximum probabi lity 
rule. " ^ ^ V -0' 

Note 2. Percentages are compared ^tb critical values for 1972 



group in Table 1 for.signifi^cance.^ 
Above chance probability but not significan-t 

1 

Significant at p^ < ;0S" ^ 
Sianifitant at p < .01 

Significant /at p < .001 ' [ 



. . TABLE- 4 . ■ . ^ ' 

R&ASSIFICATIOr;-. MATRIX (SIX-GROUP DISCRIMINANT DESIGN) 
FE70 & FE72 f,MGmEE-RIN6 SPECIALTY 'GROUPS COMBUIED 
(IN PERCErjTAGES) ' - - ■ 



.■..■V"-'"""7.7" 

ACTUAL 

GROUP ; 

> 


r-^=x ■ r-yr^ ^ p 

PREDICTED GROUP . 


ae' ' 


CHE- 




■ •, EE 


IE 


ME 


AF 


3 


'' 8.6 


7. 1 


10.0 


1.4 ' 


1 

i "1 . 0 


(n - 70) 


3 . 

38. ,6- 


. a.6 • 


; 1 r. 4 - 

- 


20.0 - 


, 1 . 

— 


20.0 




1 . 0 ■ 


■.75.-4 " 


. : i . 1 


9:2, 


4.6 


'6.2 


(ri =' 65) 


3.1 • 




'? 


15. 4 


^ 4.6 


6.2 




2.9 , 





60. 0 


5.7 




20.0 


(n =105) 




1.9 


67:6", 


10:5 • 




13.3 


EE , 






3.5 


" 3 

65.9 




14.1 


(n - 170), 


2.9 




3.|5 


3' 

■ '79.4 


1.8 .N 




IE 


0 . - J 


/i.o ■. 


10.0 




■ - 3 ■ 

64.0 


] '12.0 


(n = 50) ; 


e.o 


2.0 { 


f T2.0 


8.0 


„ 60. 0^^ 


■ 12. 0 






L'". 3 


lo. 5^ 




9 . 8" 


,■39.8- 


(n = 133) 




5.0 


24. r 


, 18.8 




27. 8--- 


OVERALL PER'eENTAGE 


CORRECTLY 


CLASSIFIED 




57.2 






593) ■ ^ 

























NotG^J_^. The fir'oi: nntr^' ii'i eact) coll follov/s the rnniuium chi- 
50,uarG>ule. V-\ -^-vitvy follcv/s i:he naxiniuni probabili^ 

rule. - ^ . 

No to 2. J'orc.rM cages a're compared', to critical values for* 1970 
and 1922'qroui) in T.::hio 1, for si gni v i-cance . 



Above chance prcbal)! l i but not significant 
Signi ficant at i) . f'H - . 
Significant at v ^Ti^ 
Siqnificant at p - .001 



^regjprding Mech'lanical Engineering (ME s'tudents given ij) Tables 3 
'and 4) when the..maximum p/obabi 1 i ty rule is used.: Thus, all six , 
qr^oups of students. were in general classified correctly to a sig- 
nificant degree above chance. As an example, consider the Civil 
Engineers (CE) of tFie FE72 Engineering^ special ty groups, classified 
by the discriminant functions calculated from the FE70 engineering 
specialty groups (Tacvle 3). In examining Table 1, it is seen^that 
for the FE72 groups the chance critical values corresponding to 
the GE'group for the.p < .05, 01, and .001 levejs of significance 
ar6 respectively 27.5, -31.0, and 34.9. Table 3 shows, the 
minimum chi-square rule results in a correct classification^ per- 
centage of 38.6, while the maximum probability rule leads to 47.4 
percent ^being correctly, classified. Both these percentages are 
above* the p < .001 critical value of 34.9. 

In further examining Tables 2 through 4,^ itns seen that 
Aeronautical Engineers (AE) were corrsistently misclassified ^ ^ 
across the three classification procedures- (i.e., for"FE70, for 
FE72, and for pooled FE70 and FE72) above chance as Mechanical 
Engineers (ME) (significant at'p < .05 for the pooled group of ^ . 
^ Table 4, i.e., 30.0 > 28.4). This was reciprocal in that with 
both classification rules ME students were consistently (although 
not significantly) mi sclassi f ied above change across the ^three 
classifications ai- IF students. 

It, should also be noted that in the FE72 independent classi- 
fication Industrial Engineers (IE) were not only significantly 
rrisclassified above -chance at p < .001 as ME students but were 
misclassified (by both rules) to an extenVwell abcJve the percent- 
age of correct classification (i.e.,^?g.4 > 33.3 and 42.9 >19.0). 

In the examination of Table 5 it* is seen that the overall 
percentage of correct group classification is rather high -for 
all three classification procedures usinc; both classification , 
rules. Although the maximum probability rule consistently pro- - 
duced better results "that the minimum chi-square rale,, in general' 
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TABL& 5 

CORRECT CLASSIFICATION 
N ^ PERCENTAGE MATRIX: 

ENGINEERING SPECIALTY GROUPS 
(SIX-GROUP DISCRIMINANT DESIGN) 



therg was no significant 
difference between the 
.outcomes of the respective 
rules. 

During the independent^ 
clajsif ication procedure' not 
only were percentages calcu- 
lated of first-choice correct 
classifications ("hits"), but 
J^also calculated were the per- 
centages^ of correct clasjj^fi- 
cations'with respect to the 
f i rst-or- second-choice — cor- 
rect second-choice classifi- 
cations are sometimes .referred 
to in the literature as "near 
hits.'! These results are 
presented^ in Table 5. How- 
ever, momentarily returning, 
to Table 5, it is seen that, 
in proceeding to the FE72- 
independent classification 
from the FE70 reclassifica- 
tion, a large decrease in 
correct classifications 
was observed for some groups 
(e.g.., AE, CE, IE, and ME). 
However, as is seen in Table 
* 6, by considering "near hits" 
as wel 1 as "hits ," the cor- 
rect' classifications increased substantially although not equally 
across groups (e.g., the .increase in the CE group as compared with 
the increase in the other groups). « The overall percentage correctly 



ACTUAL 
GROUP 


FE70 


FE,72 


FE70 
& FE72 
-4*= 




; 50.0 
50.0 


35.^3 
29.. 4 


42.9 

38:6 


rr^^ ' 

CHE 


78.4 
^ 73. O' 


75. p 

' — 


75.4 
64.6 


CE 


\75.O 


■, 38.6 
47.^ 


60.0 
67.6 


EE 


70. 6'' \: 
80. Q 


67.1 
X 76.5 


^2 
65.9 

79.4 


IE 


65.5 
62.1 


33.3 ' 
1 9 .^0 


64.0 
60.0 


ME 


52.6 
40.4 


35.5 
j31.6 


39. 8^ 
27.8 


OVERALL 
PERCENT- 
AGE 


65.8 
66.8 


48.5 
49.2 


57.2 
57.7 


Note. The first entry in each cell 
'follows the minimum chi-square rule. 
The second entry follows the mao<i- 
mum. probabi 1 i ty rule^. 

^Difference significant at p < .05 

2 

Difference significant at p < .01 
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\ ' ^ . , • • TABLE. 6 - 

i:ORRECT INDEPENDENT-CLASSIFICATION. PERCENTAGE\ MATRIX: 
C^IX-GROUP, DISCRIMINANT DESIjSN)' 
ENGINEERING SPECIALTY SCALES ' 

.(FE72 GLASS IF LED ^FROM FE70 DISCRIMINANT FUNCTIONS) 



ACTUAL 
; GROUP 


CORRECT CLASSIFICATION PERCENTAGE 


■' V'^ CHOIjCE 


1^,^ OR 2'^° CHOICE 


AE 
(n = 34) 


35.3 

■■■'J 
■ 29.4 


79.4 
76.5 . 


CHE 
(n = 28) 


75.0 
64.3 


82.1 
82.l' 


CE 

(n^= 57) 


38.6 _ 
47.4 


56.1 
59.6 


■ EE 
(n = 85) 


' ' . 67 . 1 ' . 
76.5 ' 


80.0 

a. 1 

83.5 ' 


IE 

(n = 21) 


33.3 
19,0 ' 


52.4' 
' 42.9 


ME 

•^(n = 7^') 


35-. 5 

31 .6. ' - 


65.8 ' 
68.4 ' 


OVERALL 
' (n = 301) 


48:5 
49.2 


70.1 

71.4 , 


Note. The first entry in each cell follows the 
minimum chi-square rule, The second entry fol- 
lows the maximum probability rule. 



•classified by the minimum chi-square rule increases from 48.5 to 

70.1 while that by the maximum probability rule Increases from 

49.2 to 71 .4. ^^'^ 




D iscussion 

Th'e^ results show that . jineering. students, can be classified 
accurately using funr-'-^'ons derived from a discriminant arialysis. of 
the six PIQ ^Engineering specialty ScaW§. The classifications were 
found in general to be significantly better than chance predictions 
at the p"< .0.01 significance level. This significance remained 
duriing cross-val idation \)f the discriminant/functions even though 
percentages 0/ carrect cl assificat^noh did decrease and, for most 
specialty groups, substanti tal ly These classification results not 
only'^show good utility of^he dernved discriminant functions but 
also good utility of the six PIQ -Engineering 'Special ty .Scales used 
in deriving the discriminant functions. 

Nevertheless,- problems do exist for some of the scales.^ As 
observed in the results. Aeronautical Engineers and Mechanical 
Engineers were at times confounded wfith each other. It was also 
observed that with the independent, FE72 cross-validation group IE 
students were significantly misclassified (abiove p^< .001) above 
chance as ME students. In fact, a larger percentage^^f IE students 
were misclassified than were correctly classified./ It shoald be noted 
that the AE and IE shcools were at one time incorp\orated with the ME 
school. The classification confusion seems to indicate that character- 
istics unique to the FE70 sampl^ of IE and ME (and, poss^ibly AE)students 
may have been present and thus adversely affected the discriminant func 
tions, thus calling for re-examination and revision of their relevant 
scales rather than a deficiency in the discriminant aiialysis. The con- 
founding may ,al so have been due in part to somewhat small sample sizes. 
An increase in the sample size of each engineering^roup (currently . 
in progress) may thus alleviate somewhat the mi scl assif ication 
tendencies by making each sample grouD more representative ol^its own 
population and thereby lessening any unique characteristic effects. 
Efforts are also underway to increase the number of items per scale 
as well as the number of scales. 



2 This decrease in discriminant function predictability may be compared 
^ conceptually to the decrease ip multiple regression predictability 
(shrinkage of the multiple R- .or variance accounted for) over samples 
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Although/all groups .rrectly glassified aljove chance to a 

>, significant degree, deficiencies are seen. when th^ pfercantages of cor- 
" reef -classifications are compared witti their corresponding percentages 
of total misclassifications. Since for several groups more students 
were mi'^classified than^were| ctirrfectly classified', there may be impor- 
tant characteristics of each ^^roup remaining to be measured. Also, of 
possible relevance to this is/ the discuibion following. 

When both the first and/ the second choi.ce for classification were 



considered (in the cross*va|idatibn) , a large, increment (relative to 
the increment possii&le) vQas observed ia thp percentage of correct clas- 
•sifications. This would indicate thatva counselor should present to i 
• students for. their consideration the first two choices as optimal ones 

and use.^pther information available,; such as abilities and stated pref- 
, erences,<.to .help decide between the/two choices. This could even be 
. extended to the top three (out of six) choices as a means of effectively 
reducing/the number of choices tha/^'must be considered. A feasible 
, alternative would be to actually use scores from relevant ability meas- 
ures in the discriminant analysis along with interest scores. Too 
often a counselor -- admitted'fy/not the best counselors -- will^present 
only "the best, choice" possible (as the counselor sees it) or will pre- 
sent all possible choices with little guidance toward the best or most 
optimal choices (as determined by the' student ' s objectives , aM 1 i ties , 
interests, etc.). The proposed plan above should hopefully help stu- 
" dents feel less restricted In their endeavors and at the same time help 
them pursue a realistic carr^r-r alternative. 

According to the uim.uu. methodologyy'dlscriminant analysis is con- 
^.ducted with p c|rr>'' ^ • nd the top g groups ^re selected as the most 
-^^^&fe'^ni3l for an individual -t- possessing the closest match between the 
fP^Vidua scores^and group. characteristics . This methodology is 
conducive to^ a counseling viewpoint which concerns examining p possible 
groups together and selecting the g most likely dhpices. However, an 
alternate viewpoint involves examining group similarity as a yes/no 
question (with 'a possible criterion) for an i'ndi vidual and each possible 
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group. Accordiag to this viewpoint p separate, twoTgroup discriminant 
analyses' woul d be conducted involving membejJ^hip versus non-membership 
(individuals in one group versus all other individuals) for each par- 
ticular group. Probability of ^he individual 's.^membership would be 
calculated for each of the p groups. The counselor could then select 
those groups whose probabi 1 i ties surpass a criterion or which have the 
highest probabilities if none of the probabilities surpass the cri- 
terion. DeLauretis (1975) examined two-group discriminant analysis 
functions'M'n reclassifying each of the six FE70 engineering groups 
versus^ a group of freshman engineers in general and obtained greater 
results for each group (percentage "of correct classifications greater 
than 75 percent with median percentage of 84.6) than during the FE76 
six-group discriminant analysis and reclassification. It should be 
noted that thes^ analyses conducted by DeLauretis are only similar to 
that proposed above since the reference group was a , group of freshman 
engineers in general rather than a composite of other groups of upper-- 
class engineers. Nevertheless, this |gives"^some encouraging cred4bil- 
ity to the two-group "discriminant apallysis approach, although he was 
not able at that time to examine the icross-val idatlon' of his two-gr^up 
discriminant functions on the FE72, sample. ^ 

The several, two-group di scriminjant analysis pipproach may.-ie com-^ 
pared to performing several, separate t--test$ rather than an 
encompassing analysis of variance. Thus, it may be that th* lach ^ 

may not only greatly restrict der s of freedom for infero may 
also increase the IJkelihood of ^matching an individual to a o iiilar 
group. However, considering DeLauretis V resul ts , it may^be worcui/hile 
to compare' the predictive util i ties of these two discriminant app jaches. 

Although the maximum (Bayesian) probability rule was ob^e?Ved to 
be consistently superior to the minimum chi-square rule' in the overall 
percentage of correct classification^, the difference was nSt^ signifi- 
cant,, and the superiority did not ho\ld, aciross groups. It is thought 
that any "superiority" may havq been\due,,at least in part, to tne 
unequal group sample sizes, but this is not completely substantiated by 
the data., There is therefore a need to further examine this possible 



tendency. K is also suggested that the 'use of one rule with some 
groups and the other rule w^^th the- remaining groups may be considered , 
and further studied. A 

Conclusions 

Discriminant analysis functions, based on the six PIQ Engineering 
Specialty Scales, correctly classified students into their specialty 
group significantly above chance predictions (p < .001, in general), 
Althojjgh the percentages of correct classification decreased during 
cross-validation of the discriminant functions, the percentages were 
in general -significantly above chance levels. Therefore, discriminant 
analysis (as well as the six PIQ Engineering Specialty Scales) is con*^ 
sidered to be of assistance' to beginning engineering students arfd 
counselors in rfiaking decisions concerning the engineerin^specialties. 
, It may also prove worthwhile to consider not only the first, but. also 
the second choice of specialty area as being optimal for success and 
then to' use"" other information available to make the most reasonable^ 
decision. ' y 

Although problems were observed, indie- ''w*"' 'ii-t a re- examination 
of each scale jnay be necessary 1^ or rs m^'V .char- 

afs^t^istic of their resperf.ive = ^mains important 

Tibte that, even with o/iese problei .a scales and discriminant- 
functions show goqd utility in addinc the availgable information 
about a student in order to assist in decisioji^ concerning future aca- 
demic endeavors. 

] 

Educational Impact 
Engineering is one of the largest professions in the United 
^ States- today with over a quarter million undergraduate students 
(over one million practicing engineers in 1972). However, only 
about one-ha]^ of the students who begin engineering study actuality 
graduate in an engineering field, and many (Who remain in engineering 
change specialty area within engineering pr-vor to graduation . In 
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addition the engineering profession is becoming more ^complex and 
broadening its responsibilities and gdals. It therefore becomes 
increasingly important to guide capable and interested individuals 
toward meeting the need of this expanding profession and of the 
nation. It has been shown thatS'nventoried interests (such as 
measured by the PIQ) provide worthwhile information and multiple 
discriminant analysis a worthwhite: method of using this information^ 
for assisting with educational/career decisions. However, it is 
important to note that these techniques need -- and should not 
^be limited to engineering but could be applied to the broader domain 
of career fields available and could be very useful as occupational 
interests within individuals develop. 
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